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Stump sprouts in Olea europaea L. subsp. cuspidata
[(Wall. ex DC.) Ciffieri (syn. Olea africana Mill.)] were ini-
tiated by pruning back 4-year-old, 6-year-old and 12-
year-old trees to a height of 25cm from the ground.
Additionally, specimens from 4-year-old trees were
pruned back to heights of 120cm and 80cm from the
ground. Leafy cuttings (with total leaf area, cutting
length and cutting basal diameter reduced to 15–29cm,
8–13cm and 2–3mm per individual cutting, respectively)
were harvested from 14-week-old to 15-week-old
sprouts. Rooting competence of sprouts from trees dif-
fering in age was compared by treating basal ends of
cuttings with 30µl of indolebutyric acid (IBA) per cut-
ting. Experiments were conducted in two separate prop-
agators (two replicates), with 60–70 cuttings per repli-
cate. Cuttings derived from 4-year-old and 6-year-old
stocktree sprouts rooted significantly (P < 0.01) better
than those from 12-year-old stocktree sprouts. Initial
rooting of cuttings derived from first-round sprouts of 4-
year-old trees was relatively faster than in those from
the second-round sprouts, but the difference in the final
rooting was not significant. Branch cuttings derived
from intact, 4-year-old trees (average height = 230cm),
and sprouts derived from stems pruned back to 120cm
and 80cm, resulted in percentage rooting of 11, 14 and
20, respectively. In contrast, up to 90% rooting was
obtained for sprouts derived from severely pruned trees
(average stump height = 25cm). Rooting responses of
proximal and distal branch parts derived from 7-month-
old to 8-month-old stecklings (plants derived from root-
ed cuttings) were different from each other when these
were treated with either 0.2% or 0.4% IBA, with proximal
parts rooting better than the distal ones. Overall rooting
capacity of cuttings derived from seedlings and steck-
lings of comparable age was the same. The study found
that growth of stecklings derived from IBA-treated cut-
tings was significantly (P < 0.01) better than those from
the control, but there was no significant difference
among plants derived from the 0.1%, 0.2%, 0.3% or 0.4%
IBA-treated cuttings.
Olea europaea L. subsp. cuspidata (Wall. ex DC.) Ciffieri
(syn. Olea africana Mill.), commonly known as African
wildolive, belongs to the Oleaceae, a family of trees and
shrubs widely distributed in temperate and tropical regions.
The family contains several genera of economic or horticul-
tural importance, including Olea (olive), Fraxinus (ash),
Jasminum (jasmine) and Syringa (lilac) (Heywood 1993).
Sauer (1993) noted that in the Mediterranean region, the
Latin name Olea europaea equally applies to both the
domesticated and the wildolive (= Oleaster), and that
domestication of the tree started in about 3500BC. An olive
tree can live for hundreds of years, and the cultivated olives
are normally propagated through rooting of cuttings or by
grafting onto rootstocks (Sauer 1993, Louise et al. 1994).
African wildolive is a grey-green tree with a much
branched and rounded crown (Noad and Birnie 1989,
Negash 1993, 1995, 2003a). It grows to 25m and is widely
distributed as relic trees or in drier forest and forest margins
at altitudes from 750m to 3 000m. Once established, the tree
is hardy and drought tolerant (Noad and Birnie 1989,
Negash 1993, 1995, 2003a). The wood of African wildolive
is golden brown with dark figuring. It is very hard, strong,
durable, and planes well, yielding a beautiful finish (Dale and
Greenway 1961). As a result, the wood is suitable for furni-
ture, cabinet-work, turnery and panelling, as well as fencing.
Because the tree is good for firewood, large numbers of
trees were cut down to fuel the steam engines of the early
rail (Dale and Greenway 1961, Noad and Birnie 1989).
Various parts (roots, stems, barks, branches and leaves) of
African wildolive have been used as medicine by the rural
community of many African countries. Traditional medicinal
importance of the species includes: soothing effects on men-
tal problems, curing of skin diseases, use against malaria,
hemorrhoids, importance for dental hygiene, and treatment of
running nose in goats (Bekele 2000, Negash 2003a). Further
information on the importance of (and threats to) African
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wildolive has been provided in Negash (1995, 2003a).
The key to the domestication of trees is knowledge of their
sexual/asexual reproductive biology and propagation tech-
niques. In this endeavour, the vegetative propagation of
trees has been an important tool for capturing genetic varia-
tion in tree improvement and multiplication programmes
(Davis and Haissig 1994, Howard 1994, Leakey et al. 1994).
Timmis et al. (1987) and Ritchie (1994) viewed vegetative
propagation as a powerful means of exploiting genetic gains
through capture of both additive and non-additive genetic
variances. Talbert et al. (1993) reviewed the benefits and
risks of vegetative propagation and concluded that the tech-
nology has the potential to create a revolution in forestry
practice. Leakey et al. (1982) and Leakey et al. (1990)
emphasised the potential of vegetative propagation in the
domestication of tropical trees.
Unfortunately, the vegetative propagation of many mature
and elite trees has been hampered by the recalcitrance to
rooting of cuttings derived from older specimens. Mature-
phase characteristics of trees present a formidable chal-
lenge to the clonal propagation of elite individuals selected
on the basis of growth habit, flower appearance or fruit/seed
quality (Howard 1994, Murray et al. 1994). Fortunately, after
the seed germinates and the seedling and young tree devel-
op, some of the still partly juvenile cells persist as quiescent
meristems or buds at the interface between the root and the
shoot. Such juvenile systems are often released when
trunks are cut back close to the ground. The resulting stump
sprouts can therefore serve as very good sources of juvenile
cuttings to be used for rooting purposes (Bonga 1987,
Hartmann et al. 1990, Howard 1994).
The objectives of this study were to: (1) examine the root-
ing potential of leafy branch cuttings of African wildolive
derived from 4-year-old, 6-year-old and 12-year-old stocktree
sprouts; (2) compare the rooting potentials of cuttings derived
from seedlings and stecklings, as well as those from the dis-
tal and proximal parts of the branch; and, (3) determine the
growth of cuttings that had been rooted using different levels
of IBA.
Materials and Methods
Stocktree establishment
Fruit (drupe) collection, seed extraction, germination and
seedling development were conducted following the proce-
dures described by Negash (1993, 1995, 2003a). The oldest
(12-year-old), the next oldest (6-year-old) and the youngest
(4-year-old) stocktrees were planted in 1989, 1995 and
1997, respectively, within the Science Faculty campus of the
Addis Ababa University (Addis Ababa, Ethiopia).
Propagator construction
Two similar propagators were constructed from wooden
frames following the design by Leakey et al. (1990). The
external parts of the frames were covered with colourless
polyethylene plastic sheet. Each propagator was internally
partitioned into six equal and self-contained compartments,
each covered with a double-layer of thick polyethylene plas-
tic sheet so as to make the entire unit watertight. The com-
partments were then covered with successive strata of sand
(c. 1–2cm thick), stone (c. 10cm thick), small stone (c. 6cm
thick), and gravel (c. 5cm thick). The gravel layer was cov-
ered with clean sand to a depth of 5–7cm to serve as a root-
ing medium for the treated cuttings. A piece of plastic pipe
(diameter, 3cm; length, 40cm) was placed vertically in the
front-right corner of each compartment to serve as an inlet
for refilling water lost through evapotranspiration. The water
table in each compartment was maintained within 1–3cm
from the bases of the cuttings. The propagators were shield-
ed from wind and frost by placing these in a 4m x 10m lath-
house constructed from corrugated transparent mica sheets.
Up to 80% shade was provided to the propagators by over-
laying leaves of Phoenix reclinata on a sheet of wire mesh
supported by a 1.75m high wooden frame.
IBA preparation, cutting severance and treatment
A stock solution of 0.4% (w/v) indolebutyric acid (IBA)
(SIGMA Chemical Company, St Louis, MO, USA), was pre-
pared by dissolving the hormone in a 1:1 mixture of absolute
ethanol and methanol. Concentrations of 0.1%, 0.2% and
0.3% IBA were prepared from the stock solution by serial
dilution using the mixture of alcohols. Leafy branch cuttings
were harvested from the stockplants and/or stockstumps
between 06h00 and 07h30, collected in polyethylene bags,
and carried to the laboratory. The cuttings were then
trimmed to 2–3mm in basal diameter, 8–13cm in length, with
leaf areas reduced to 15–29cm2. The base of each random-
ly allocated cutting was treated with 10µl IBA at dosages of
0µg (control), 10µg, 20µg, 30µg and 40µg IBA cutting–1. The
solvent was evaporated from the treated basal ends by hold-
ing a bunch of 5 cuttings for c. 60s against a stream of cold
air generated by a pump (Model Capex 2D-C, Charles
Austen Pumps Ltd, England). The numbers of cuttings ran-
domly assigned to each treatment ranged from 60 (replicate
1 in propagator 1) to 70 (replicate 2 in propagator 2), and the
controls comprised comparable numbers of cuttings treated
with the solvent only. The respective treatments were then
separately packed in polyethylene bags, taken to the propa-
gators, and inserted in rows into the rooting medium.
Treatments were allocated at random to the six compart-
ments in each of the two propagators (= replicate blocks).
Microclimatic variations among the compartments were con-
trolled by arranging cuttings in rows along the front-backside
direction of the blocks. Humidity within the propagators was
enhanced by intermittent sprays (2–4 times per day) using a
CP8 MAXI PRO sprayer (Cooper Pegler Spraying
Technology, Hardi International A/S, Denmark). The Relative
Humidity (RH) ranged from 65% to 80%. Assessments on
the survival, callusing and rooting of cuttings were made four
weeks after the start of the experiment, and on a weekly
basis thereafter. Data on the numbers of primary roots were
collected just before transplanting the rooted cuttings to pot-
ted soil.
Rooting response of sprouts from stocktrees of varying
age
Sprout development was initiated by cutting back 4-year-old,
6-year-old and 12-year-old stocktrees at a height of 25cm
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from the ground, working the soil around the stumps, and
equally watering stumps every other day. Descriptions of the
4-year-old, 6-year-old and 12-year-old stocktrees, and char-
acteristics of stumps, sprouts, and sprout-derived cuttings
are shown in Table 1. Rooting responses of sprouts from
these differing age trees were then compared by applying
30µg of IBA to the basal part of every cutting.
Rooting response of sprouts from different levels of
pruning
Assessments on the rooting potential of sprouts derived
from 4-year-old stocktrees were made by pruning sample
trees to heights of 25cm, 80cm and 120cm from the ground.
Cuttings were also harvested from intact sample trees with
an average height of 230cm.
Rooting capacity of seedlings and stecklings
Rooting potentials of branch cuttings harvested from
seedlings and stecklings (plants derived from rooted cut-
tings) were assessed on 7-month-old to 8-month-old stock-
plants. To establish stockseedlings, seeds were germinated
following the procedures described by Negash (1993, 1995,
2003a). Germinants with radicle length of ca 10–15mm were
then transplanted to bottom-perforated polyethylene bags
(diameter, 20cm; length, 40cm), filled with a mixture of soil,
horse dung and sand in a ratio of 2:1:1 (v:v:v), respectively.
The seedlings were allowed to grow and develop in the
glasshouse for 7–8 months to serve as stockseedlings.
Stockstecklings were established by treating leafy branch
cuttings from these seedlings with 30µg IBA cutting–1. The
rooted cuttings were then transplanted to bottom-perforated
polyethylene bags (diameter, 20cm; length, 40cm), filled with
a mixture of soil, horse dung and sand in a ratio of 2:1:1
(v:v:v), respectively. The stecklings were allowed to grown
and develop in the glasshouse for 7–8 months before using
these as stockplants for the rooting experiments. At the time
when cuttings were harvested, the stockplants had 13–20
branches per plant and were 52–86cm tall. The mean mini-
mum and maximum temperatures of the glasshouse were
12 ± 2°C (nights) and 28 ± 3°C (days), respectively; and the
quantum flux density ranged from 150µmol m–2 s–1 (cloudy
conditions) to 1 100µmol m–2 s–1. The RH ranged from 55%
to 65% and was roughly maintained at this level by occa-
sionally sprinkling the floor of the glasshouse with cold
water. RH was measured using Humidity and Temperature
Sensor (Type HP-100-A, Umweltanalytische Mess-Systeme
GmbH, Munich, Germany); and quantum flux density was
measured using LI-COR Quantum Photometer (Model LI-
189, LI-COR Inc., Lincoln, USA).
Rooting response of distal and proximal branch parts
Cuttings were separated into two branch parts: distal and
proximal. The cuttings for this study were collected from
stecklings, and were randomly allocated to either 0.20% or
0.40% IBA treatment.
Growth trials on stecklings from different IBA treatments
Forty-five to 50 rooted-cuttings of steckling-origin from each
of the 0.0%, 0.1%, 0.2%, 0.3% or 0.4% IBA treatments were
transferred to plastic pots (diameter, 12cm; length, 23cm)
containing a mixture of soil, horse dung, and sand, in a ratio
of 2:1:1, respectively. The stecklings were maintained in the
glasshouse for 24 weeks with daily watering, and height
measurements were taken every week.
Statistical analyses
Data were analysed using STATISTICA for Windows
(StatSoft Inc., Tulsa, OK, USA). Significant differences
between mean values of each treatment were determined
by analysis of variance and the Tukey Honest Significant
Difference Test. The homogeneity of variance was assessed
by Levene’s Homogeneity Test.
Results
Cuttings derived from 4-year-old and 6-year-old stocktree
sprouts rooted significantly (P < 0.01) better than those from
the 12-year-old ones (Figure 1). Initial rooting response of
cuttings derived from first-round sprouts of 4-year-old stock-
tree stumps was relatively faster than those of second-round
sprouts from 4-year-old stocktree stumps, but the difference
in the final rooting was not significant (Figure 1).
Percentage rooting of cuttings derived from intact, 4-year-
old trees (average height = 250cm) was only 11, and it took
up to 24 weeks for the adventitious roots to appear in some
of the cuttings. Pruning back stems to 120cm and 80cm
yielded sprouts with rooting potential of 14% and 20%,
Table 1: Description of 4-year-old, 6-year-old and 12-year-old stocktrees, and characteristics of stumps, sprouts, and sprout-derived cuttings
from African wildolive
Stocktree age (years) 4 6 12
Stocktree height (cm) 230 ± 23 (n = 10) 306 ± 45 (n = 6) 650 ± 58 (n = 3)
Stump height (cm) 25 25 25
Stump circumference (cm) 10.4 ± 1.5 (n = 10) 20.6 ± 5.6 (n = 6) 58 ± 9 (n = 3)
Time for sprout development (weeks) 14 15 15
Average sprout number at harvest (excluding branches) 27 ± 13 (n = 10) 33 ± 12 (n = 6) 25 ± 9 (n = 3)
Sprout cutting length (cm) 10 ± 3 (n = 30) 11 ± 3 (n = 30) 10 ± 3 (n = 30)
Sprout cutting basal diameter (mm) 2–3 2–3 2–3
Leaf area/cutting (cm2) 15 ± 3 (n = 30) 16 ± 2 (n = 30) 19 ± 2 (n = 30)
Sprout leaf colour Green Green Yellowish-green
respectively (Figure 2). In contrast, up to 90% rooting was
obtained in sprouts from severely pruned trees (average
stump height = 25cm), with the majority of the cuttings root-
ing within 9–11 weeks after treatment (Figure 1).
Rooting responses of proximal and distal branch parts
derived from 7-month-old to 8-month-old stecklings and
treated with either 0.2% or 0.4% IBA were compared (Figure
3). Final rooting of proximal branch parts treated with 0.2%
IBA was significantly (P < 0.01) different from all the other
treatments.
Data on rooting of cuttings derived from stockseedlings
and stecklings treated with 0.2% or 0.4% IBA are shown in
Figure 4. No significant difference was observed between a
group of cuttings derived from seedlings and treated with
0.4% IBA, and those derived from stecklings and treated
with 0.2% IBA. Initial response was slow in cuttings derived
from seedlings and treated with 0.2% IBA, but final rooting
was better than all the other treatments.
Growth of stecklings obtained from IBA-treated cuttings
was significantly (P < 0.01) better than those from the con-
trol, but there was no significant difference among plants
derived from the 0.1%, 0.2%, 0.3% or 0.4% IBA-treated cut-
tings (Figure 5). Provided that roots are well developed and
growth conditions are suitable, stecklings big enough for
planting out in the field could be produced within 6–8 months
after transplanting the rooted cuttings (Figure 6) to potted
soil (Figure 7).
Discussion
Most trees have been successfully propagated vegetatively
only from juvenile propagules (e.g. embryos) or juvenile
plants (e.g. seedlings) (Bonga 1987, Talbert et al. 1993,
Negash 2002, Tchoundjeu et al. 2002, Negash 2003a,
2003b). However, it is much preferable to clone cuttings or
explants derived from mature specimens since methods for
determining potential performance of embryos or seedlings
are not yet available. Selective cloning of mature trees is
also important when establishing plantations of dioecious
species as the gender of these trees is not known until flow-
ers and/or fruits are produced. Many economically important
tropical trees including African pencil cedar (Juniperus pro-
cera), east African yellow wood (Podocarpus falcatus) and
the monotypic Hagenia abyssinica are dioecious and wind
pollinated. Dioecy in these tree species, in addition to selec-
tive logging by man, presents an intractable problem to the
production of fertile fruits and/or seeds suitable for propaga-
tion purposes (Negash 1995, 2003c).
However, cloning of mature trees has not been easy as
rooting response is inversely related to plant age (Franclet et
al. 1987, Hackett 1987, Talbert et al. 1993, Berhe and
Negash 1998, Negash 2002, 2003a, 2003b). Notable among
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Figure 1: Rooting of sprout-derived cuttings from 4-year-old, 6-
year-old and 12-year-old stocktrees of African wildolive pruned back
to a height of 25cm from the ground. I, first-round sprouts from 4-
year-old stocktree stumps; II, second-round sprouts from 4-year-old
stocktree stumps; S6, sprouts from 6-year-old stocktree stumps;
S12, sprouts from 12-year-old stocktree stumps. Bars represent ±
SE
Figure 2: Relationship between rooting of sprout-derived cuttings
and degree of pruning. Four-year-old stocktrees were pruned to 0
(intact trees = 230cm high), 120cm, 80cm, and 25cm high. Bars
represent ± SE
Figure 3: Rooting responses of distal and proximal branch parts of
cuttings derived from 7-month-old to 8-month-old stockstecklings of
African wildolive. Branch parts were treated with either low (0.2%)
or high (0.4%) IBA levels. Bars represent ± SE
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the factors that determine juvenility and maturity are proxim-
ity to root and possession of mature leaves, respectively
(Franclet et al. 1987, Howard 1994). It has been observed
that in trees established from seeds the base of the trunk is
permanently juvenile, and that shoots produced from the qui-
escent buds of the trunk base are similar to the juvenile
phase of the seedling plants (Ball et al. 1978, Saint Clair et
al. 1985, Bonga 1987, Hartmann et al. 1990, Howard 1994,
Murray et al. 1994). Data presented in Figures 1, 2 and 6
confirm these observations. Noteworthy is that the rooting
potential of stump sprouts from the second-round harvest
was as good as that from the first-round harvest (Figure 1),
suggesting the persistence of juvenility in the basal region of
the trees. This could be of practical importance for the prop-
agation of African wildolive since, with proper management
and nutrition, the same stump could be used as a source of
sprouts over and over again either through the development
of additional sprouts from the remaining quiescent buds or
through the production of branches on the remains of the pre-
vious sprouts. A single stump can therefore provide opportu-
nities for the establishment of large numbers of clones.
The three most common options for obtaining juvenile
material from a mature specimen are to: (1) look for the most
juvenile tissues within the tree (e.g. epicormic shoots), (2)
rejuvenate the stocktree through specific hormonal treat-
ments (e.g. GA3) or, (3) severely prune back the stocktrees to
get stump sprouts (Bonga 1987, Hartmann et al. 1990,
Howard 1994). In several hardwoods and a few gym-
nosperms, orthotropic shoots that originate from the base of
the trunk (epicormic shoots), or shoots that develop from
sphaeroblasts (mass of shoots from adventitious buds that
naturally occur in some species) are easier to root than
branches from other parts of a tree (Figures 2 and 6). These
shoots arise from arrested as well as from adventitious buds.
They often carry juvenile foliage and their cuttings are easier
to root than those from other branches of the tree (Bonga
1987, Hackett 1987, Hartmann et al. 1990). Clearly, use of
stump sprouts provides additional opportunity for the vegeta-
tive propagation of African wildolive because: (1) provided
stocktrees are available, sprouts suitable for cutting produc-
tion can be produced relatively fast (within 10–15 weeks,
compared to 24–32 weeks needed for the development of
stockseedlings); (2) sprouts appropriate for rooting can be
harvested several times from a single stockstump; and, (3) if
properly managed, most sprouts produce orthotropic shoots
which in turn yield orthotropic planting material (Figure 7). It
is known that cuttings rooted from plagiotropic branches tend
to produce plagiotropic plants (Hartmann et al. 1990,
Semagn and Negash 1996, Negash 2003b).
The decline in rooting with plant height (Figure 2) shows
the importance of shoot position for the possession of juve-
nile attributes. Howard (1994) observed that relative shoot
position is more important than the height of the crown, and
physiological ageing appears more relevant than distance of
shoots from the putative ontogenetic juvenile zone. Hackett
(1987) reiterated that while juvenile characteristics such as
rooting and bud forming potential may be preserved at the
base of plants in ontogenetically young tissues, maturation
occurs in the periphery of the plant in ontogenetically older
but chronologically younger tissues. Distal branch parts from
intact 4-year-old stocktrees (average height = 230cm) root-
ed very poorly (and took much longer) compared to sprouts
from 25cm high stumps of the same stocktrees where more
than 80% of the cuttings rooted within nine weeks (Figure 1
upper curve, and Figure 2).
Final rooting responses of proximal branch parts were bet-
ter than those of the distal ones when these were treated with
0.2% IBA (Figure 3). It is known that cuttings from positions
near the trunk are often thicker and more juvenile than
branches in other parts of the tree (Bonga 1987, Hackett
1987). On the other hand, studies on Prunus insititia ‘Pixy’
and Syringa vulgaris ‘Madame Lemoine’ revealed that root-
ing potential is often inversely related to basal diameter, but
there is no clear association between shoot thickness and
rooting potential as the relationship is usually confounded
with the position of the shoot in the stockplant (Howard
1994). The current study showed that the basal diameter
(~2mm) of distal branch parts was less than that of the prox-
Figure 4: Rooting response of proximal branch parts derived from
7- to 8-month-old stockseedlings and stecklings of African wildolive.
Branch parts were treated with either low (0.2%) or high (0.4%) IBA
levels. Bars represent ± SE
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Figure 5: Growth of African wildolive stecklings obtained by rooting
cuttings with various levels of IBA. Bars represent ± SE
imal branch parts (~2.5–3.0mm), and final rooting responses
in the latter were better than those in the former (Figure 3).
Growth of rooted cuttings treated with IBA levels ranging
from 0.1% to 0.4% was significantly (P < 0.01) greater than
that from the control (Figure 7), possibly because IBA-treat-
ed cuttings possessed significantly more roots than the con-
trol (Figure 6). The positive impacts of IBA on rooting and
root numbers have been well substantiated (e.g. Hartmann
et al. 1990, Leakey and Storeton-West 1992, Davis and
Haissig 1994, Mesén et al. 1997, Copes and Mandel 2000,
Negash 2002, 2003a, 2003b). Negash (2003a) compared
growth rates of glasshouse-grown rooted cuttings and
seedlings of African wildolive and concluded that material
big enough for planting could be produced within 6–8
months after transplanting rooted cuttings to potted soil
(Figure 7). This suggests that the increased root numbers in
the IBA-treated and rooted cuttings (Figure 6) may have
increased the efficiency of these for acquiring water and
nutrients from the soil.
Conclusions
Profuse sprout development on stumps, rapid rooting of cut-
tings derived from the sprouts, and the possibility of using
stumps over and over again as sources of juvenile cutting
material provide further opportunity for the vegetative prop-
agation of the threatened African wildolive. In addition, well-
managed stumps from mature elite trees will contribute
greatly to tree improvement through clonal propagation.
According to Talbert et al. (1993): ‘Programs which are
achieving the most rapid scale-up and the most dramatic
benefits from vegetative propagation are those in which
there is tight integration from genetic selection through prop-
agation and stand management to final harvest’. Further
work on genetic selection and stand management of African
wildolive is needed in order to rescue (and also derive ben-
efits from) the diversity of the species.
Figure 6: Typical rooting response of stump sprout-derived cuttings
from African wildolive. The sprouts were 14 weeks old and were
harvested from 25cm high stumps of 4-year-old stocktrees. Cuttings
were treated with 0.3% IBA and maintained in the propagators for
14 weeks. Fresh shoot growth from axillary buds of the cuttings is
noticeable. The scale beneath the roots is 20cm
Figure 7: Eight-month-old stecklings of African wildolive maintained
in plastic pots (diameter, 12cm; length, 25cm). Plants (with notice-
able orthotropic development of shoots) were over 60cm high
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